Introduction
In July 1994, the Atapuerca team discovered fossil human remains at the Trinchera Dolina site. The fossils were recovered from the upper part of the TD6 level, from T36 (Aurora stratum=TD6 T36-43), in a layer of brownish-red clay 15 cm thick (Carbonell et al., 1995; Parés & Pérez-González, 1995) . The unique combination of traits in these hominids led Bermúdez de Castro et al. (1997) to recognize a new species, Homo antecessor. Since 1994, our efforts have been focused on the study of the small vertebrate associations of the hominid-bearing layer. Consequently, the aim of this paper is to discuss the biochronologically significant rodents (i.e., the voles and cricetids) from the Aurora level, and to review their systematics. The results help to establish the biochronological position of the fossil human remains from the TD6 level within the broader context of the European Pleistocene.
Previous work
Some earlier work led to contradictory conclusions about the Trinchera Dolina rodent assemblages and the biochronology of the TD section. The problem probably originated during the early years of the research project, when several researchers took small samples of sediments from one or more of the Atapuerca sites. From these preliminary studies, references to ''Atapuerca 1'', ''2'', ''3'', ''Atapuerca section'', ''Atapuerca lower levels'', ''Atapuerca upper levels'', ''Atapuerca'' ''ATA B'' appeared in the literature (Brunet-Lecomte, 1989; BrunetLecomte & Chaline, 1991; Agustí, 1991; Agustí et al., 1993 Agustí et al., , 1997 . The lack of stratigraphical and geological context generated confusion about the rodent assemblages at Atapuerca. An exception was the study by Martínez Navarro et al. (1997) , in which the Atapuerca rodents were correctly attributed. Moreover, during the early phases of the Atapuerca project (1978) (1979) (1980) (1981) (1982) (1983) (1984) , few small mammal samples were collected. Since the entire faunal assemblage was not evaluated some results were ambiguous (Gil, 1996a (Gil, ,b,c, 1997a Gil & Sesé, 1991; Sesé & Sevilla, 1996) , as will be discussed below.
From the previous literature on Atapuerca readers would conclude that:
( 1) Atapuerca is a single site or section with several paleontological levels. ( 2) The upper levels are placed around the Matuyama/Brunhes boundary. ( 3) The rodent association is more modern than Orce 7.
( 4) The rodent association in upper levels at Atapuerca includes Terricola gregaloides, Terricola arvalidens and Iberomys brecciensis. ( 5) The rodent association has mixed elements derived from the early Middle Pleistocene and the late Early Pleistocene. In order to avoid any misleading interpretation of the current research and results, especially those related to the biostratigraphy and dating, the following points of clarification are presented:
( 1) Atapuerca is not a section. It includes several sites with different geological, stratigraphical, paleontological and archaeological contexts as indicated above. For further details the reader is referred to Pérez González et al. (1995) , Parés & Pérez González (1995) , Arsuaga et al. (1996 Arsuaga et al. ( , 1997 , and Rosas et al. (1998) . ( 2) If there are any upper levels at Atapuerca they should be considered either the upper levels of the Trinchera Dolina Section (TD10, TD11), the upper levels of the Galeria complex sites (TG), the upper levels of the Elefante Section (TE), the upper levels of Sima de los Huesos Site (SH, see Cuenca-Bescós et al., 1997) , or the upper levels of any of the cavities filled with Pleistocene and Holocene sediments in Atapuerca Hill. However, there are no known upper levels at the Matuyama/Brunhes boundary in any of the caves or fissures. The only published reference to the Matuyama/ Brunhes boundary are those of the TD2 level (Carracedo et al., 1987) , TD7 level (Parés & Pérez González, 1995) and Sima del Elefante (Chaline, 1972; van der Meulen, 1973; Rabeder, 1981; Agustí, 1991 (Laplana & Cuenca-Bescós, 1996 , Figure 3 ). This is a primitive trait that indicates that M. savini from TD is older than the M. savini assemblage from the type locality of West Runton (dated at 450 ka, Rink et al., 1996) (Chaline, 1971 (Chaline, , 1972 Ruiz Bustos, 1976) . The references of Gil (1996a,b) 
Material and methods
Excavations at Atapuerca have been conducted by our team since 1978. The biostratigraphic framework has been advanced significantly by the introduction in 1991 of a programme of screening in the River Arlanzón (Figure 1 ) of all sediments removed from the excavations (CuencaBescós et al., 1995 (CuencaBescós et al., , 1997 Carbonell et al., 355      1995; Laplana & Cuenca-Bescós, 1996 .
The levels being excavated are carefully labelled with pertinent stratigraphic information. With the help of students from Castilla y León, who assist every season, we have been able to process several tons of sediment. Sorting of the fossils is carried out in our laboratory, and the specimens are labelled and stored in the Zaragoza Museum of Paleontology. Each site is designated with a letter, such as TD for Trinchera Dolina, followed by the stratigraphical level and the archaeological sublevel (T), and the letter and number of the 1 m 2 grid which divides the excavation. This is followed by the letters ATA (for Atapuerca) and a number (indicating the year of collection). An example of a label for the Aurora stratum small mammal sample would read as follows: TD6T40G17ATA95. In the case of Aurora, the level is stratigraphically uniform and lithologically it represents a single geological unit. The small mammal assemblages of the Aurora level are also homogeneous, and represent a single time horizon. Although the taphonomy of the small mammal fossils from TD6 is homogeneous (Fernández Jalvo & Andrews, 1992) , there are differences in species composition between TD6 T36-43 and the lower part of TD6 (see Figure 7 ).
Systematic descriptions of rodents from TD 6 T36-43
Since the samples are large, we use only the first lower molar (M 1 ) from each of the analyzed vole species. Descriptions and taxonomic discussions follow the terminology of van der Meulen (1973), Rabeder (1981) and Rekovets & Nadachowski (1995) . Measurements in the text and tables are minimum (Min), mean (M) and maximum (Max) values of the parameters L (length of the anteroconid complex ACC+ length of the trigonid-talonid complex TTC) and W (width of the posterior part of the ACC) in millimetres, followed by the ratios A/L (=a/L*100), B/W (=b/W*100), C/W (=c/W*100) and D/E (=d/e*100). N is the total number of observations for each parameter or ratio. As in van der Meulen (1973) measurements do not include the enamel band. Arvicolid molars are distinguished by their flat occlusal surface, consisting of dentine bordered by a strip of enamel. The enamel ribbon shows a lingual and buccal series of folds more or less pointed inward and outward (reentrant, RA , and e represents the greatest width of the anterior part of the ACC measured in T6T7 (or the distance LSA5-BSA4). The ratio D/E shows how T6T7 is developed in relation to the width of ACC (Rekovets & Nadachowski, 1995) . Parameters e and d can be measured only when T6 and T7 are slightly to welldeveloped. The arvalid-nivalid type is expected to yield greater values of e than the gregalid-hintonid type (see D/E ratios of Tables 2, 3 and 4). A more detailed study of the small mammals is in progress, so we will describe here only the main peculiarities of the vole species identified at TD6 T36-43.
Family Arvicolidae GRAY, 1821 Species Mimomys savini Hinton, 1910;  Figures 2 and 3; Table 1 .
Description
Mimomys savini is the largest vole found in TD6. The occlusal surface of M 1 shows features typical of this species. The M 1 is broad. Adult molars have two roots which form late in development. Crown cementum is abundant in adults, but may be absent in young individuals. The enamel thickness is well differentiated, and thicker on the distal sides of SA (T1-T5). In young specimens (without roots) the enamel islet is present in 14% of the assemblage, and the typical Mimomys enamel differentiation is not evident. There are four lingual and three buccal SA. RA are 3 1 2 lingual and 2 1 2 buccal.
Discussion
As for the presence of roots, the enamel islet is less frequent in more modern populations of M. savini (i.e., West Runton 7%, Huescar 14%, Voigtstedt and Prezletice 0-1%) than in older populations (i.e., Chiscau1 and TD6 14%). This seems not to be a gradual trend, since there are assemblages such as those at Hohen Sülzen and Kozi Grzbiet with fewer individuals with enamel islets. Hohen Sülzen is supposed to be older than TD6 (Storch et al., 1973; Von Koenigswald & Tobien, 1990 ). However, remark that the disappearance of M. pusillus (or small-sized Mimomys) provides an insufficient time marker since it is found in localities above the Matuyama/ Brunhes boundary, such as at Kärlich E (van Kolfschoten & Turner, 1996) .
The Polish locality Kozi Grzbiet poses another problem: it has a derived M. savini assemblage with no enamel islet on the occlusal surface of M 1 . However, its age of 357      630-560 ka, based on complex fluorochloro-apatite and collagen dating methods using bones (Nadachowski, 1985 (Nadachowski, , 1990 , would suggest that Kozi Grzbiet should have M. savini assemblages more primitive than those from West Runton, which have been dated to 450-500 ka using ESR dating of tooth enamel (Rink et al., 1996) .
M. savini evolutionary stages seem to be good biostratigraphical markers when the percentages of enamel islets and root development are considered. We propose that M. savini assemblages in which more than 10% of M 1 have an enamel islet are older than the assemblages of M. savini with fewer than 10%. Using the Trinchera Dolina Section as a standard, we propose that the assemblages over 10% are Early Pleistocene and those below 10% are Middle Pleistocene. Further studies of M. savini from chronostratigraphically well calibrated Pleistocene sections can be used to support or to refute this proposition.
Genus Microtus SCHRANK, 1798
Microtus seseae, Terricola arvalidens, Iberomys huescarensis, and Stenocranius gregaloides are grouped together as Microtus s.l. In our opinion it is more convenient for the purposes of biostratigraphy to consider Microtus s.s., Terricola, Iberomys and Stenocranius separately Musser & Carleton, 1993; García-Perea & Gisbert, 1997) . 
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Species Microtus seseae (GIL, 1997); Figure  4 (a-e); Koenigswald & Kolfschoten (1996) , and (b) succession of localities with Mimomys savini and Arvicola cantianus showing the general trend towards the reduction of the enamel islet in M 1 from the Early to the Middle Pleistocene. In (a) the horizontal arrow indicates the direction of evolution, the vertical arrow indicates the ontogenetic pathway. During the transition, the first ontogenetic stage is accelerated, the two last stages are retarded or reduced, and the second one is prolonged. As shown by this model, the proportion of individuals with enamel islets (a character associated with ontogenetic stage I), and with closed linea sinuosa or presence of roots (characters associated with stages III and IV), are gradually reduced with time. In (b), populations from the Early Pleistocene (with more than 10% of M 1 with enamel islets) precede those from the Middle Pleistocene (which have lower proportions). In Arvicola cantianus this character is vestigial (Cúllar de Baza, Ruiz Bustos, 1976) . Figure (b) after data from Chaline (1972) , Pasquier (1972) , Storch et al. (1973) , Ruiz Bustos (1976) , Sala (1983) , Nadachowski (1985) , Terzea (1989) , Maul (1990a ), von Koenigswald & van Kolfschoten (1996 and this work. 359      variable confluence of T4 and T5, and in the development of T6. BRA4 is absent or incipient; when present, it lacks or has little crown cementum. LRA5 is reduced and may or may not have crown cementum. The enamel differentiation is of the microtus type in most specimens, but there are some specimens (less than 1%) with no enamel differentiation. BRA3 and LRA4 are alternating, as are BSA4 and LSA5. T6 can be smaller than T7, but is always present. In some specimens the T6 is provergent, strongly elongated in the bucco-distal plane. The BRA are mesially more elongated than the LRA in some specimens (provergent, sensu Rabeder, 1981) . The AC2 is simple, short and confluent with T6 and T7, both of which are broadly confluent. T6T7 is separated from T4T5 by an asymmetrical, narrow neck (M-B/W 6·72). In the ACC, the T4 and T5 may be confluent or nearly closed (M-C/W 17·44). The anterior enamel-free area is extended to the buccal side of the crown; in some individuals it extends to the BSA 4.
Differential diagnosis and discussion
The aim of the emended diagnosis is to provide a better understanding of the species described by Gil (1997b Kretzoi, 1957 ; Figure  4 (f); Table 3  (for  synonyms  see  Rekovets & Nadachowski, 1995) 
Terricola arvalidens

Description
The species is well represented in levels TD3, TD4 and TD4BW . The species from level TD6 is similar to that in levels TD3-TD4.
Discussion
Terricola arvalidens from Trinchera Dolina is somewhat smaller and more primitive than the species described from the Ukraine (Rekovets & Nadachowski, 1995) and from the type locality of West Runton (CuencaBescós et al., 1995) . The T6 is somewhat less developed than in the Ukrainian species. The anteroconid complex is more similar in its simplicity (less development of BRA4 and LRA5 and shorter AC3) to that of the early Tiraspolian faunas of the Ukraine than it is to the late Tiraspolian and younger faunas. The neck between T4T5 and the anterior field is very long and straight in some specimens. This species differs in size and in its more primitive aspect from typical Middle Pleistocene T. arvalidens, and it could possibly be distinguished as a separate chronospecies when more material becomes available.
The separation of T. arvalidens and M. seseae is problematic. Both species have similar length, width and A/L ratios (B/W and C/W are not significantly different). However, they are morphologically dissimilar in T6, T7, and ACC3. The main differences are the lack of provergent RA and an elongated T6, the lower d (and D/E) parameters, and the more or less parallel mesial RA in T. arvalidens (see discussion above). The ratio D/E is highly variable (see Tables  2 and 3 ), but it differs between the two species.
We believe that M. seseae and T. arvalidens are part of a cladogenetic event that leads to the Terricola species on one branch and to M. nivalinus, M. nivaloides, Tyrrhenicola and M. seseae on the other.
Iberomys huescarensis Ruiz Bustos, 1988
Iberomys brecciensis- Mazo et al., 1985 Terricola gregaloides-Agustí et al., 1993 pars. 1997 Iberomys brecciensis-Gil, 1997a; Figure 5 ; Table 4 (Chaline, 1972; van der Meulen, 1973 ). Rabeder (1981) , and M. thenii from Untermassfeld and Neuleiningen 5, 15 (Maul, 1990a (Maul, , 1996 . The study of the relationships between these species is still in progress. The specimens described as ''S. gregaloides'' ATA B by Agustí et al. (1993, Figures 3 and 4) are I. huescarensis, judging from the asymmetry and the triangular shape of AC. The species A. chalinei from TD3-TD6T51 is clearly distinguished from I. huescarensis by its larger size and the ample ''c'' (see Cuenca-Bescós et al., 1995) .
Previous studies consider I. brecciensis to co-occur with T. aguirrei in levels TD3-TD6 of the Trinchera Dolina section (Gil & Sesé, 1991) . Gil (1997a) notes the synonymy of T. aguirrei with T. huescarensis ''sensu Ruiz Bustos, 1988 ''. We verify the presence of I. heuscarensis in levels TD3, 4, 5, 6, 8a and confirm the synonymy of I. huescarensis with P. aguirrei. We also include in this synonymy the forms identified as I. brecciensis of Huescar 1 (Mazo et al., 1985; Ruiz Bustos, 1988; Sesé, 1989) and levels TD3-TD6 (Gil, 1997a) . The typical I. brecciensis M 1 is larger, broader, and more complex and it does not co-occur with Mimomys. It is found in the Middle Pleistocene with Arvicola species (i.e. Saint Estève Janson, Aragó, Cúllar de Baza 1). In the Middle Pleistocene populations I. brecciensis has a relatively confluent T4 and T5, which is a plesiomorphic retention from the Microtus ancestral form. This led Ruiz Bustos (1988) to recognize Pitymys cullarensis in Cullar de Baza 1 based on an M 1 with confluent T4T5, but this is undoubtedly an I. brecciensis specimen.
In conclusion, Iberomys evolved as a lineage with an asymmetrical and triangular AC shape that could have its origin in M. nutiensis, M. thenii or M. hintoni. Nevertheless, the narrow neck between the AC and posterior part of the ACC places I. huescarensis in a clade with the Microtus complex group which separated from the Allophaiomys complex group by the early Lower Pleistocene. Iberomys huescarensis is the first representative of the lineage, showing evident buccolingual asymmetry, a triangular shape of the anterior part and large B/W and C/W. This species, as well as early I. brecciensis, shows Iberomys morphotypes that have been described as Pitymys species. The assignment of these taxa to Terricola (=Pitymys) is based on the unclosed ''pitymyan rhombus'', a plesiomorphic feature in several lineages of the Microtus group (i.e., Stenocranius) . Iberomys brecciensis appears later in Middle Pleistocene localities, such as Cúllar Baza 1, Aragó, and Saint Estève Janson. Hinton, 1923; Figure 6 
Stenocranius gregaloides
Discussion
This species is more frequent in the lower levels, TD3-TD5 . As in the preceding discussion of T. arvalidens, the differences between S. gregaloides of Trinchera Dolina and S. gregaloides from Middle Pleistocene localities could be 364 . -  ET AL.
sufficient justification for the recognition of this form as a new chronospecies. The holotype of S. gregaloides from West Runton is somewhat different from S. gregaloides from TD3-TD6, in its deeper LRA5. A/L increases from older to younger assemblages, as shown by Rekovets & Nadachowski (1995) . The species S. gregaloides and T. arvalidens (sensu the West Runton descriptions of Hinton, 1923 ) occur together at numerous localities in central and southern Europe dated to Cromerian s.l. (Sutcliffe & Kowalski, 1976; Rekovets & Nadachowski, 1995) . The primitive appearance of S. gregaloides of TD3-TD6 could indicate an early radiation of this species at the end of the Early Pleistocene.
Other rodent species in TD6
Pliomys episcopalis [ Figure 6 Allocricetus sp. [ Figure 6 (h)]-for the moment, we cannot asign the Allocricetus assemblages of TD6 to any of the known species. The hamster from TD6 differs morphologically from Allocricetus bursae in its more simple M 1 occlusal surface and a narrower anterior portion of M 1 . Nevertheless, it is similar in size to the late Middle Pleistocene A. bursae from Sima de los Huesos, TD10 and TD11, and larger than A. bursae from Cúllar de Baza (early Middle Pleistocene). We can infer that there is an increase in the size of A. bursae during the Middle Pleistocene, since the early Middle Pleistocene hamsters are smaller than those from the late Early Pleistocene (Chaline, 1972; Cuenca Bescós et al., 1997) . Our work in progress shows that there are similarities in size between Allocricetus from Early Pleistocene sites such as TD6, and Allocricetus from late Middle Pleistocene sites, although there are slight morphological differences and a size gap between the Early Pleistocene and early Middle Pleistocene assemblages. This size discontinuity 365      can be interpreted either as the difference between two separate species, or as the disapperance of A. bursae at the end of the Early Pleistocene and its replacement by a new, small form of A. bursae from Asia at the beginning of the Middle Pleistocene. For these reasons, at the moment, we do not assign Allocricetus from TD6 to any of the known species.
Biochronological implications of the voleo and cricetids of TD6
The distribution of the rodents in the Trinchera Dolina Section is shown in Figure  7 . Cande & Kent, 1995) elsewhere in Europe, such as at Stranska Skala, Grace, Shamin, Mahlis, Kärlich, Atapuerca TD7 (Biquand, 1974; Chaline, 1974; Koci & Sibrava, 1976; Markova, 1990 Markova, , 1998 Parés & Pérez González, 1995; van Kolfschoten & Turner, 1996) . TD6 is below the TD7 level, which records the paleomagnetic Matuyama/ Brunhes boundary in the Trinchera Dolina Section (Parés & Pérez González, 1995) .
The species composition of the fauna from TD6 (and the levels TD3-TD8a in general) has analogues at other European localities (Figure 8) , and there seems to be no mixing of faunas (e.g., Jánossy, 1986; Agustí, 1990 Agustí, , 1991 Markova, 1990; Maul, 1990a,b; Repenning et al., 1990; von Koenigswald & Tobien, 1990; Agustí & Moyá-Solá, 1991; Rekovets & Nadachowsky, 1995; van Kolfschoten & Turner, 1996) .
On the basis of the arvicolids, TD3-TD8a can be referred to the Biharian. A remarkable feature of the Biharian is the evolutionary radiation of Microtus which occurs very quickly at the end of the Early Pleistocene, in the Late Biharian of Europe and Irvingtonian II of North America (Dispersal Event 8 of Repenning et al., 1990) (Chaline, 1972; van der Meulen, 1973; Rabeder, 1981; Markova, 1990; Repenning et al., 1990; Rekovets & Nadachowski, 1995) . In Spain, the Early Pleistocene ends with the Late Biharian localities of the M. savini Zone of Agustí & Moyá-Solá (1992) .
The Biharian comprises the MicrotusMimomys rodent superzone, which is divided into the Rodent Zone M. savini/M. pusillus and the Rodent Zone M. savini . The Biharian mammal age is characterized by the concurrent ranges of Mimomys and Microtus, with Mimomys savini the characteristic species of the Biharian, extending from the Early Pleistocene to early Middle Pleistocene (between 1·65 and 0·45 Ma according to Figure 3 ). TD6 represents an earlier stage in the M. savini lineage based on its high proportion of plesiomorphic characters.
Conclusions
The TD6 level in the Trinchera Dolina Section at Atapuerca, Burgos, Spain, is a hominid-bearing level associated with a rich small mammal assemblage. Our study shows that the rodent assemblage differs from that reported by previous authors.
The arvicolids are represented by M. savini, I. huescarensis, M. seseae, T. arvalidens, S. gregaloides, P. episcopalis and A. chalinei. The rodent assemblage is typical of the end of the Early Pleistocene and beginning of the Middle Pleistocene. A more precise age for this assemblage has been gained through the study of the evolutionary stages of some of the rodent species. M. savini evolutionary stages seem to be good chronological markers when percentages of enamel islets and root development are considered. We propose that M. savini assemblages with more than 10% of M 1 with enamel islets are older (i.e., Early Pleistocene) than assemblages of M. savini with less than 10% (i.e., Middle Pleistocene). On the basis of the vole species from TD6 we propose that the hominids of the Trinchera Dolina level 6 are of late Early Pleistocene age. This makes them younger than the humans that made the artefacts at Les Valerots, Le Vallonnet, Fuente Nueva 3, but older than the Middle Pleistocene humans of Cúllar de Baza 1, Boxgrove, Mauer and Arago. In conclusion, microvertebrates (this work); macrovertebrates [herbivores, (van der Made, 1999) and carnivores (García & Arsuaga, 199) ] and radiometric data (Falguères et al., 1999) provide confirmation of a late Early 
